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Preface

There are 11 waterbodies in the Central Valley that in 1998 were determined to be
Clean Water Act 303(d) “impaired” due to excessive bioaccumulation of organochlorine
(OCl) “Group A” pesticides (such as toxaphene, chlordane, dieldrin, aldrin, endrin,
heptachlor, heptachlor epoxide, hexachlorocyclohexane [including lindane], and
endosulfan); DDT, DDE, and DDD. These pesticides are called legacy pesticides, since
they were banned from use several decades ago because of their long-term persistence in
the environment, their adverse impacts to aquatic life and wildlife, especialy to fish
eating birds, and their potential to cause cancer in people who ingest food residues of
them. In addition, polychlorinated biphenyls (PCBs); dioxing/furans are of concern since
they cause 303(d) listing of some Central Valey waterbodies This group of OCI
chemicals tends to bioaccumulate in the edible tissue of fish The waterbodies impacted
include Delta Waterways, Lower American River, Colusa Basin Drain, Lower Feather
River, Lower Merced River, Natomas East Main Drain, San Joaquin River, Lower
Stanidaus River, Stockton Deep Water Ship Channel, Lower Tuolumne River, and
Lower Kings River. Further, studies conducted since 1998 show that there are other
waterbodies in the Central Valley, such as the Sacramento River, which contain fish that
have bioaccumulated excessive levels of organochlorine pesticides and PCBs that are not
now on the 303(d) list but could be added to thislist, based on information available.

The excessive bioaccumulation of the OCls in some of the fish taken from these
waterbodies represents a threat to cause cancer in those who consume these fish on a
regular basis. This situation caused the Central Valley Regional Water Quality Control
Board (CVRWQCB) to list these waterbodies as 303(d) impaired, which necessitates that
a TMDL be developed to control the excessive bioaccumulation of the OCls that are
occurring above recommended hedlth threat levelsin edible fish tissue. US EPA Region
9 has made funds available to the CVRWQCB/SWRCB to support the development of a
technical TMDL that would lead to the control of the OCls that are biocaccumulating to
excessive levelsin Central Valley waterbody fish.

A contract was developed between the State Water Resources Control Board and
the Cdifornia Water Ingtitute at California State University, Fresno, to develop a
organochlorine pesticide and PCB TMDL report. Dr. G. Fred Lee and Dr. Anne Jones-
Lee, as employees of the California Water Institute, undertook the development of this
report. As part of the development of the scope of work for this effort, it was concluded
by the CVRWQCB staff that there is insufficient information to proceed with an
organochlorine pesticide bioaccumulation TMDL report. It was determined, however,
that there was need to compile and critically review the information that would be
necessary for such areport, and develop guidance on the approach that should be used to
develop the needed information so that when it is available, a TMDL to control the
excessive bioaccumulation of the organochlorine pesticides and PCBs, dioxing/furans
could be developed. This report presents a review of the available information pertinent
to managing OCl excessive bioaccumulation and provides guidance on filling the
information gaps to complete a TMDL technical report for the organochlorine pesticides,
PCBs, dioxing/furans.



Work on the occurrence, fate, transport, and effects of organochlorine pesticides
and PCBs is atopic on which Dr. G. Fred Lee, senior author of this report, has been
conducting research since the early 1960s, while teaching at the University of Wisconsin,
Madison, where he established and directed the graduate degree program in Water
Chemistry. He, with his graduate students, conducted extensive research on this topic in
the 1960s, and subsequently at the University of Texas, Dallas, in the 1970s. During the
mid- to late 1990s, the authors of this report conducted studies in cooperation with the
Santa Ana Regiona Water Quality Control Board on the organochlorine pesticidesin fish
taken from Upper Newport Bay and its tributaries, located in Orange County, California.
The Upper Newport Bay OCI excessive bioaccumulation situation led to the Bay and its
tributaries being listed by the Santa Ana Regional Water Quality Control Board as 303(d)
“impaired,” which requires that a TMDL be developed to control the excessive
bioaccumulation. A TMDL for control of excessive bioaccumulation of the OCls in the
Upper Newport Bay watershed has been developed by US EPA Region 9.

This OCI| management guidance report for controlling excessive bioaccumulation
of OCls in Central Valley waterbody fish includes information derived from a city of
Stockton Smith Canal sediment bioaccumulation study report that the authors, with the
assistance of Scott Ogle of Pacific EcoRisk, developed in July 2002. The Smith Carel
sediment PCB pilot study was funded by US EPA 319(h) funds, and the Central Valley
Regional Water Quality Control Board, with support by Pacific EcoRisk, DeltaK eeper,
and G. Fred Lee & Associates. It was the first of this type of study conducted in the
Central Valley and possibly the Sate, concerned with bioavailability of organochlorine
pesticides and PCBs in sediments.

It has been known for many years that the total concentrations of these chemicals
in sediments are an unreliable indicator of the potential for them to bioaccumulate in
benthic organisms or higher-trophic-level organisms. It fas been established that total
organic carbon in sediments determines to some extent the bioavailability of these
pesticides and PCBs. To address this issue, the US EPA developed a standard
bioaccumulation test, using the oligochaete (worm) Lumbriculus variegatus as a test
organism that could be used to determine if the sediment-associated PCBs and
organochlorine pesticides are bioavailable. The Smith Canal pilot study proved to be of
value in demonstrating that the US EPA standard bioaccumulation test could readily be
implemented to determine bioavailability of PCBs and OCI pesticidesin sediments. With
modification it can also be used to determine the potential for bioaccumulation of OCls
associated with soil particles that are transported to waterbodies.

A review of the literature shows that there is considerable unreliable information
on managing excessive bioaccumulation of OCls in edible fish. This report presents
guidance on the development of technically valid management of OCls in fish tissue that
is based on the senior author’s experience and expertise having worked on this topic for
about 40 years.

G. Fred Lee, PhD, DEE
Anne Jones-Lee, PhD



Executive Summary

There are 11 waterbodies in the Central Valley that have been found to contain
excessive concentrations of Group A pesticides, DDT, PCBs and/or dioxing/furans.
These include the Delta Waterways (DDT, Group A Pesticides), Lower American River
(Group A Pesticides), Colusa Basin Drain (Group A Pesticides), Lower Feather River
(Group A Pesticides), Lower Merced River (Group A Pesticides), Natomas East Main
Drain (PCBs), San Joaquin River (DDT, Group A Pesticides), Lower Stanislaus River
(Group A Pesticides), Stockton Deep Water Ship Channel (Dioxins, Furans, PCBS),
Lower Tuolumne River (Group A Pesticides), and Lower Kings River (Toxaphene).
These waterbodies are referred to in this report as “Waterbodies” The Group A
pesticides include aldrin, dieldrin, chlordane, endrin, heptachlor, heptachlor epoxide,
hexachlorocyclohexane (including lindane), endosulfan, and toxaphene. In addition,
there is concern about excessive bioaccumulation of DDT, polychlorinated kiphenyls
(PCBs), and dioxins/furans. These pesticides, PCBs and dioxins are referred to herein as
“OCls.”

Some fish taken from the Waterbodies of concern in this OCl bioaccumulation
management guidance report have been found to contain sufficient concentrations of one
or more Group A pesticides, DDT, PCBs, and/or dioxing/furans to be a threat to cause
cancer in those who use these fish as food. The beneficial uses of these Waterbodies
include freshwater habitat. The excessive bioaccumulation of the OCls in edible fish
impairs this use. It may also be adverse to aquatic life and waterbody-associated
terrestrial life resources.

Each of the Waterbodies of concern in this OCl excessive bioaccumulation
management guidance report has received in the past (and may receive, to some extent,
today) sufficient concentrations of one or more OCIs to lead to concentrations of these
chemicals in some of the Waterbodies fish to be above the Caifornia Office of
Environmental Health Hazard Assessment (OEHHA) guidelines for the use of the fish as
food. The former use of one or more of the OCls (except dioxing/furans) in each of the
Waterbodies' watersheds for agricultural and/or urban purposes has led to stormwater
runoff transport and, in some instances, wastewater discharges of the OCI(s) to a
sufficient extent to lead to biocaccumulation to excessive levels in some of the
Waterbodies receiving the runoff/discharges edible fish. With respect to dioxins and
furans, they may have been discharged to the Waterbody or its tributary from former
municipal and/or industrial wastewater discharges as well as in stormwater runoff from
highways and streets and/or runoff/discharges from areas where low-temperature burning
has taken place. They may also have been contaminants in the herbicide 2,4,5-T and
could be derived from areas where this herbicide has been used.

The Waterbodies are listed on the federal Clean Water Act's 303(d) list as
“impaired” for Group A pesticides, DDT, PCBs, and/or dioxing/furans. The impairment
extends throughout the Waterbody and possibly into its tributaries. The 303(d) listing
requires development of a Total Maximum Daily Load (TMDL) for the OCI(s) of
concern for the listed Waterbodies. The information provided in this OCI management
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guidance report is designed to be of assistance in developing a TMDL to control
excessive OCl bioaccumulation in Central Valley Waterbody fish and other aquatic life.

Each of the Waterbodies watersheds has its own characteristics and specific
sources of the OCls of concern. At this time, specific information on the former activities
in each Waterbody’'s watershed that contributed OCIs that have bioaccumulated to
excessive levels in fish in the Waterbody is not available. While there are residues of
these OCls in soils and possibly waste deposits within the Waterbodies' watersheds that
are now continuing to contribute the OCI(s) of concern for that Waterbody to the
Waterbody, the most likely current source of the OCl residues in edible fish is the
Waterbody’s sediments. Aquatic sediments are known to be major “sinks’ (storage
reservoirs) for the OCIs that can, under some conditions, be a source of OCls through the
food web for higher-trophic-level organisms that are used as human food. While the
focus of this report isto control excessive bioaccumulation of OCls that are a threat to the
use of certain fish as food, there is also concern about the potential impacts of OCI
residues on higher-trophic-level agquatic organisms and terrestrial organisms, including
birds, whichacquire OCls through the consumption of aguatic life.

There have been no studies which provide information on the amounts of the
OCls contributed to each of the listed Waterbodies from its watershed that are now
causing excessive hioaccumulation of one or more of the OClsin the Waterbodies' edible
fish. Also, there have been limited studies of the current OCl residues in some of the
Waterbodies sediments which could be serving as a reservoir for excessive
bioaccumulation in edible fish. Basicaly, the situation is one of finding excessive levels
of one or more OCIs in a Waterbody’s edible fish which can likely be attributed to the
former use of these chemicals in the Waterbody’ s watershed. Since many of the Group A
pesticides, DDT and PCBs have not been legally used in the Waterbody’s watershed for
a least one, and for some chemicals, several decades, it is possible that there are no
external (to the Waterbody) sources that are significantly contributing to the current
Waterbody’s sediment reservoir of the OCls that are leading to excessive
bioaccumulation in fish. However, as discussed herein, there are areas within the Central
Valley where there is sufficient transport of OCls from agricultural lands to be a
potentially significant source of OCls leading to their excessive bioaccumulation in
downstream waterbody fish. There is also potential for domestic wastewaters to be a
current source of OCls that are leading to excessive bioaccumulation of the OCls in
receiving-water fish.

There are a variety of factors that influence how OCls in water, soils, or sediments
are transported in a waterbody’s watershed to a waterbody, and that control the
bioaccumulation of the OCI residues in edible fish. One of the more important factors is
the total organic carbon of the sediments. Sediments with higher organic carbon tend to
reduce the bioavailability of sediment-associated OCls.

Bioaccumulation of OCls in fish depends on the size (length), age, type and lipid

content of the fish. The OCI monitoring of fish tissue that has been conducted in the
Central Valley since the late 1970s has not provided a sufficient database to critically

vii



examine the factors that can influence the OCI tissue residues in Central Valley fish.
Future monitoring needs to include assessment of the OCI residues in various types of
fish that are used as human food.

There are several management goals that can be used for controlling excessive
OCI bioaccumulation, the most important of which are the OEHHA screening values
(Table 4) for determining excessive edible fish tissue concentrations for each of the OCls
of concern in this guidance. Also, the California Toxics Rule criteria (Table 2) and the
US EPA and OEHHA drinking water MCLs (Table 3) are appropriate management goals
to control excessive concentrations of OCls in waterbodies.

In developing a management goal for the OCIs, it is suggested that the US EPA
recommended gpproach of using the management goal as the alowable loading capacity
(concentration) for the Waterbody be used. This approach focuses on achieving an
acceptable edible fish tissue OCI residue concentration. Ultimately, it will be necessary
to develop a site-specific biota sediment accumulation factor for each listed Waterbody
and each OCI of concern for that Waterbody in order to relate current sediment sources of
the chemical leading to excessive bioaccumulation to current OCI tissue residues. This
approach can ultimately lead to defining the degree of sediment remediation and current
watershed source control needed to eliminate the excessive bioaccumulation of the OCI
in a particular Waterbody.
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Organochlorine Compounds of I nterest

Common Name

Chemical Name

Aldrin

(1a, 4a, 4a3, 5a, 8a, 8al3) 1,2,3,4,10,10-hexachloro-1,4,4a,5,8,8a
hexahydro-1,4.5,8-dimethanonaphthylene

?2-BHC (?-HCH)

1a,2a,33,4a,5a,603- hexachl orocyclohexane, gamma isomer

Chlordane 1,2,4,5,6,7,8,8-octachloro- 3a,4,7, 7a-tetrahydro- 4, 7-methanoindan

DDD 1,1-dichloro-2,2-big(p-chlorophenyl) ethane

DDE dichloro diphenyl dichloroethylene

DDT dichloro diphenyl trichloroethane

Dieldrin 1,2,3,4,10,10-hexachloro-6, 7-epoxy-1,4,4a,5,6,7,8,8a-octahydro
(endo,ex0) 1,4:5,8-dimethanonaphthalene

Dioxin 2,3,7,8-tetrachlorodibenzo-p-dioxin

Endosulfan 6,7,8,9,10,10-hexachloro-1,5,5a,6,9,9a- hexahydro- 6,9-methano-2,4,3-
benzodioxathiepin-3-oxide

Endrin 1,2,3,4,10,10-hexachloro-6,7-epoxy-1,4,4a,5,6,7,8,8a-octahydro-
(endo,endo)-1,4:5,8-dimethanonaphthalene

Heptachlor 1,4,5,6,7,8,8-heptachloro-3a,4,7, 7a- tetrahydro-4, 7-methano- 1H- indene

Heptachlor epoxide | 2,3,4,5,6,7,8-heptachloro-1a,1b,5,5a,6,6a- hexahydro-2,5-methano- 2H-
indeno(1,2b)oxirene

Lindane see ?-BHC

PCB polychlorinated biphenyls, sum of the chlorinated biphenyls whose
analytical characteristics resemble those of Aroclor-1016, 1221, 1232,
1242, 1248, 1254, and 1260

2,3,7,8- TCDD 2,3,7,8-tetrachlorodibenzo-p-dioxin

Toxaphene polychlorinated camphene (67-69% chlorine);

camphene = 2,2-dimethyl-3-methylenebicyclo-[2.2.1] heptane; 2,2-
dimethyl- 3- methylenenorbornane

Source: Larson, et al. (1997) and Cheng (1990)

TCDD Equivalents shall mean the sum of the concentrations of chlorinated
dibenzodioxins (2,3,7,8-CDDs) and chlorinated dibenzofurans (2,3,7,8-CDFs) multiplied
by their respective toxicity factors, as shown in the table below.

Isomer Group Toxicity Equivalence Factor
2,3,7,8-tetra CDD 1.0
2,3,7,8-pentaCDD 0.5
2,3,7,8-hexa CDDs 0.1
2,3,7,8-hepta CDD 0.01

octa CDD 0.001
2,3,7,8 tetra CDF 0.1
1,2,3,7,8 penta CDF 0.005
2,3,4,7,8 penta CDF 0.5
2,3,7,8 hexa CDFs 0.1
2,3,7,8 hepta CDFs 0.01
octa CDF 0.001
Source: SWRCB, California Ocean Plan (19984)
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Organochlorine Pesticide, PCB and Dioxin/Furan Excessive Bioaccumulation
M anagement Guidance

Introduction

The Delta Waterways, Lower American River, Colusa Basin Drain, Lower
Feather River, Lower Merced River, Natomas East Main Drain, San Joaquin River,
Lower Stanidaus River, Stockton Deep Water Ship Channel, Lower Tuolumne River,
and Lower Kings River (referred to herein as Waterbodies) are listed on the federal Clean
Water Act’s 303(d) list as “impaired” for organochlorine (OCI) compounds, including
“Group A” pesticides (such as toxaphene, chlordane, dieldrin, aldrin, endrin, heptachlor,
heptachlor epoxide, hexachlorocyclohexane [including lindane], and endosulfan); DDT,
DDE, DDD, and the nonpesticides polychlorinated biphenyls (PCBs), dioxing/furans
(SWRCB, 1998b). The water quality problem caused by these chemicals is excessive
bioaccumulation of one or more of the OCls in edible fish tissue compared to public
health screening values established to protect humans from an increased risk of cancer
associated with using the fish as food.

The impairment may extend throughout the Waterbodies and possibly into the
Waterbodies' tributaries. The 303(d) listing requires development of a Total Maximum
Daily Load (TMDL) for the OCI(s) that have biocaccumulated to excessive levels in one
or more types of Waterbody fish. As established in 1998, these TMDLs are to be
initiated in January 2004 and be completed by December 2011. This timeframe allows
adequate time to develop the needed information discussed herein, provided that funding
to support this effort is achieved in the near future.

This OCI excessive bioaccumulation management guidance has been developed
to compile and review the existing information needed to develop a technically valid
management plan. It also defines the locations and topic areas where additiona
information is needed to develop a TMDL for managing excessive bioaccumulation of
the OClsin listed Waterbodies

Figures 1(a) through 1(k) present a set of maps of the Central Valley of
Cdlifornia, showing the Waterbodies that are listed as 303(d) impaired because of
excessive bioaccumulation of OCls in edible fish tissue. These figures also show the
locatiors that have been sampled for OCls in fish, other organisms, sediments and/or
water. The data obtained in these studies are presented in Appendices C and D. The data
spreadsheets presented in these appendices have associated with each data entry an
investigator code letter that can be tied back to the maps of the study areas presented in
Figures 1(a) through 1(k).



Figure 1(a)
Pesticide M onitoring Locationsfor the
Sacramento River Water shed Program, 2000-2001
(Appendix C, Data st code b)
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Source: LWA (2002)




Figure 1(b)
San Joaquin—Tulare Basins, California
(Appendix C, Data set code €)
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Figure 1(c)
USGS Sampling Sites
(Appendix C, Data set code €)

EXPLANATION
@® EAST-SIDE SITES
® WEST-SIDE SITES

@ MUD AND SALT
SLOUGH SITES

O SAN JOAQUIN
RIVER SITES

Source: Dubrovsky, et al. (1998)



Figure 1(d)
USGS Sampling Sites
(Appendix C, Data set code €)
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Figure 1(e)
USGS Sampling Sitesin Sacramento Valley
(Appendix C, Data set code f)
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Figure 1(f)
USGS Sampling Sites
(Data set from Appendix D)
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Figure 1(g)
USGS Sampling Sites
(Appendix C, Data set code d)
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Figure 1(h)
USGS Sampling Sites- Sacramento River Water shed
(Appendix C, Data set code d)
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Figure 1(i)
TSMP Monitoring Stationsin San Joaquin Hydrologic Basin Planning Area
Central Valley Region (5) - 1994-95
(Appendix C, Data set code g)
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Figure 1(j)
TSMP Monitoring Stationsin Sacramento Hydrologic Basin Planning Area
Central Valley Region (5) — 1991
(Appendix C, Data set code g)
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Figure 1(k)
TSMP Monitoring Stationsin San Joaquin Hydrologic Basin Planning Area
Central Valley Region (5) — 1991
(Appendix C, Data set code g)
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Conceptual Model for Managing Excessive Bioaccumulation of OCls
Figure 2 presents a conceptual model of the processes that govern the excessive
bioaccumulationof OClsin edible fish. Table 1 lists these processes.

Tablel
Conceptual M odel of OCI Excessive Bioaccumulation Components

Central Valley Waterbody Water sheds
OClsin Former Agricultural and Urban OCI Use Areas
Runoff/Discharges in Stormwater Runoff and Tailwater Discharges
Primarily Associated with Transport of Particulates
Atmospheric Loads

Central Valley Waterbodies
OCI Uptake by Aquatic Life (Animals and Plants) from Sediments and Water
Food Web Bioaccumulation
Benthic Macro-Invertebrates > Small Animals (Fish and Other
Organisms)
- Larger Fish &> Top Game Fish Predators with High Lipid Content

I mpacts
Use of Fish as Food
Humans
Terrestrial Animals and Birds

Several modes of transport of the OCls from watershed sources (stormwater
runoff from agricultural and urban soils, tailwater discharges from agricultural lands,
wastewater discharges from municipal and industrial sources, and the atmosphere) all
contribute OCls to waterbodies, where they can become incorporated into the sediments.
Through bioaccumulation processes, waterbody fish acquire OCls from the sediments
and/or from the benthic food chain. There is aso some direct uptake by fish and other
aquatic life, including agae, of dissolved OCls from the water. The food web
accumulation can lead to sufficient tissue residues to be a threat to those who use the fish
asfood. The accumulation of OCls can also be athreat to fish-eating birds and animals.

Figure 3 is the conceptual model of a management program to control excessive
bioaccumulation of OCls. It has two magor components. One is to define the sediment
and soil sources of OCIs that are leading to excessive OCI residues in fishfrom certain
Central Valley Waterbodies. The other is to define waterbodies with fish thet have
excessive OCI levels but that have not been adequately sampled thus far. Information
developed from these two components should be the basis for developing the
management implementation dan, wherein an alocation of the responsibility for the
sources of OClsfor each Waterbody with excessive OCls in fish tissue is to be defined.
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Figure3

Conceptual Model of Management Program
for Excessive OCI Bioaccumulation
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This management implementation plan then becomes the basis for the
CVRWQCB Basn Plan Amendment in which, through a California Environmental
Quality Act (CEQA) process, a program is developed to control the excessive OCls. This
program should be directed toward control of the soil sources of OCls that are continuing
to contribute OCls that are accumulating in Waterbody sediments and fish tissue. It
should also focus on remediating OCI “hot spots’ in sediments that have been shown to
be potentialy significant sources of OCls that are accumulating to excessive levels in
fish.

The conceptual model shown in Figure 3 includes a phased approach, where the
first phase of the management plan is devoted to collecting and analyzing the existing
information base. The Waterbodies containing fish with excessive concentrations of
OCls and undergoing remediation of sources and/or sediments, will then be monitored
through a Phase II. This monitoring is to provide information to better define the linkage
between the concentrations of OCIs in water/sediments and the fish tissue residues.
Because of the lack of definitive knowledge in this area, remediation will likely have to
be undertaken in a number of steps (adaptive management) to eventually control
excessive OCl bioaccumulation in fish tissue.

Overview of Issues

Organochlorine Pesticides. Davis, et al. (2000) have summarized the information
available on OCI pesticide use in California. Presented below is information based on the
Davis, et al., review. According to Davis, et al. (2000), limited data are available on
DDT usein Cdifornia. Davis, et al. (2000) state,

“ Pesticide use reporting began in 1970, when DDT use was waning rapidly.
DDT use in 1970 was 1,165,000 Ibs, dropping to 111,000 Ibs in 1971 and 81,000
Ibsin 1972. From 1973 on less than 200 |bs per year were used (Mischke et al.
1985).”

In 1984 the California Assembly directed the California Department of Food and
Agriculture to investigate possible DDT sources (Mischke, et al., 1985). Thisinvolved a
statewide survey of DDT concentrations in the soils from agricultural areas. DDT
residues were found wherever DDT was used historically. All 99 samples analyzed from
32 counties contained measurable DDT. Many samples collected in the 1984 survey
contained DDT concentrations above 1 mg/kg dry weight. The report concluded that
residues from legal agricultural applications of DDT appeared to be the source of DDT
contamination in Californiarivers.

In the 1960s and 1970s toxaphene was used extensively on cotton. Toxaphene
use continued into the 1970s until its registration was canceled by the US EPA in 1982.
Areas of the Central Valey where cotton production has occurred are areas in which
there was heavy use of DDT and toxaphene.
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Both chlordane and dieldrin were extensively used for structural termite control.
Agricultural use of chlordane included application on corn, grapes, strawberries and other
crops. Beginning in 1983 chlordane use was restricted to underground termite control.
In April 1988 further sale of chlordane was prohibited.

According to Davis, et al. (2000),

“Dieldrin was used on over 40 agricultural crops and for soil treatment around
various fruits, nuts and vegetables, and also in mosquito control, as a wood
preservative, and in moth proofing (Harte et al. 1991, U.S. EPA 1995a). All uses
on food products were suspended in 1974. All uses except subsurface termite
control, dipping of nonfood roots and tops, and moth proofing in a closed system
were banned in 1985. These remaining uses were voluntarily canceled by
industry.”

Each of the listed Waterbodies watersheds contain agricultural and, in some
instances, urban areas where organochlorine (Group A) pesticides and/or DDT have been
used. Some of these pesticides were widely and intensively used on a variety of crops
throughout the Central Valley. Further, a number of the pesticides, such as DDT,
chlordane, and dieldrin, have been used in urban areas for pest control. This has resulted
in residues of these pesticides accumulating in the surface soils throughout the Central
Valley.

While the use of the Group A pesticides and DDT in agricultural and urban areas
has been banned for at least one, and, for many of the OCI pesticides, several, decades,
USGS monitoring of surface waters in the Central Valley conducted in the early to mid-
1990s found concentrations of some of the Group A pesticides and DDT that potentially
could bioaccumulate to excessive levels in awaterbody’s fish. While there have been no
studies that have systematically evaluated current sources of the OCls that are
bioaccumulating to excessive levels in the listed Waterbodies, it is expected that current
stormwater runoff from agricultural, urban, and other areas in many of the listed
Waterbodies watersheds could contain potentially significant concentrations of the
OCI(s) that have bioaccumulated to a sufficient extent to lead to the listing. Further, it is
also expected that current domestic and some industrial wastewater discharges could
contain one or more OClIs that could contribute to current excessive bioaccumulation of
OCls in some fishreceiving these discharges.

In addition to stormwater transport of these pesticides from the point of
application to downstream waterbodies, there has been atmospheric transport from the
point of application, which contributes to OCl residues in a waterbody’s fish and
sediments. It is believed, athough not quantified, that current atmospheric transport of
the OCls is not a dsignificant pathway that leads to sufficient concentrations of
bioavailable OCls in the listed Waterbodies to significantly contribute to the excessive
fish tissue residues.
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A number of studies conducted in other areas have shown that aguatic sediments
are a significant “sink” (reservoir source) for OCls that can bioaccumulate in some fish.
Further, it is known that the total concentrations of an OCI in sediments are not areliable
indicator of the bioavailable fraction of the sediment-associated OCI that can lead to
excessive bioaccumulation in edible fish. There is essentially no information on the
current OCI concentrations and their bioavailability in the listed Waterbodies' sediments.

The 303(d) listing of the Waterbodies that took place in 1998 was based in part
upon approaches for determination of excessive bioaccumulation of some of the OCls in
edible fish tissue that are not accepted as reliable for assessing excessive concentrations
that are a threat to human health in edible fish tissue. According to Bruns (pers. comm.,
2002), some of the 1998 303(d) listing involved use of an approach that was not based on
human health risk, such as the FDA tolerance levels and the so-called (in California)
“NAS’ guidelines. Further, some of the information that was used for the 1998 303(d)
listing was limited in scope in terms of number of fish recently analyzed and waterbodies
examined.

The Central Valley Regional Water Quality Control Board (CVRWQCB 2002)
staff has proposed two changes in the updated 303(d) list for Central Valley waterbodies
with respect to the OCI listings. They are proposing to add Orestimba Creek to this list,
based on the finding thet DDE has been found in Creek waters above drinking water
MCLs. They are adso proposing to de-list the Lower American River for Group A
pesticides, based on “ ... new data showing that the NASand USFDA criteria are not now
being exceeded. Therefore the WQO for the Group A pesticides for toxicity of pesticides
are being attained and no longer need to be listed on the 303(d) list for Group A
pesticides.”

There is need to determine, for each of the listed Waterbodies, as well as other
Centra Valey waterbodies, the current concentration of OCI residues in edible fish
tissue. These residues should be compared to OEHHA screening values which have been
adjusted for local fish consumption rates. This information is essentia to defining the
waterbodies within the Central Valley where OCls have bioaccumulated to excessive
levelsin edible fish.

Polychlorinated Biphenyls (PCBs). PCBs have been found at excessive concentrations
in Central Valley fish at severa locations, such as in fish taken from the San Joaquin
River a Vernais, from Smith Cana in the city of Stockton, and from the Sacramento
River near Sacramento. There are no specificaly identified sources of PCBs for the
locations where they have been found in fish tissue. The situation with respect to PCBs
that are accumulating to excessive levels in a Waterbody’ s fish, while analogous in some
respects, is different than the OCI pesticide situation with respect to past sources. PCBs
were widely used as electrical transformer heat exchange fluids. Their primary property
of interest is that they do not burn and that they do not significantly degrade in electrical
transformers and capacitors. PCBs gain entrance to the environment through leaks or
spills from transformers or from the manufacture of capacitors that contain PCBs, where
they were discharged in the wastewaters from the manufacturing facility. The classic
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example of this situation is the General Electric capacitor plant on the Upper Hudson
River in New York State, which discharged sufficient PCBs to cause striped bass
throughout the Hudson River into New Y ork Harbor to contain excessive concentrations
in their edible tissue.

PCBs were also widely used in a variety of industrial processes, which resulted in
their being present in wastewater discharges from the processing facility. PCBs, like the
organochlorine legacy pesticides, were banned from further use 20 or so years ago. They
are, however, highly persistent in the environment, and they tend to bioaccumulate
through the food web in edible fish tissue. Generally, the sources of PCBs for Centra
Valley Waterbodies that have been listed as having excessive PCBs in edible fish are
more restricted than the OCI pesticides. However, it is often difficult to predict the
gpecific source(s) of PCBs for a waterbody that has bioaccumulated excessive
concentrations in edible fish.

An example of this situation occurs in Smith Canal, within the city of Stockton.
In 1978, studies funded by the DeltaKeeper and the Central Valey Regiona Water
Quality Control Board (Davis, et al., 2000) found that certain fish (largemouth bass and
white catfish) taken from Smith Canal contained excessive PCBs. A recently completed
study by Lee, et al. (2002) showed that the sediments in part of Smith Canal contained
greatly elevated concentrations of PCBs. Smith Canal’s primary water inputs are
stormwater runoff from Stockton and tidal water from the Deep Water Ship Channel.
Based on the data developed by Lee, et al. (2002), the source of PCBs found in Smith
Cana sediments is stormwater runoff, possibly from a former industrial area within the

City.

Dioxing/Furans. Dioxins and furans are a group of related organic chemicals that
contain chlorine. Dioxins are formed in lowtemperature combustion, such as in forest
fires or burning of wood and wastes. Studies in the San Francisco Bay region
(SFBRWQCB, 1997) and elsewhere (Fisher, et al., 1999) show that dioxins have been
found in stormwater runoff from highways, indicating that they may be present in
autonobile exhaust. Further, they are present in some industrial wastewater discharges.
They were a contaminant in the manufacture of 2,4,5-T, a herbicide, which was widely
used for a variety of purposes, including as the defoliant “Agent Orange” in Vietram.

Previoudly, dioxins and furans were discharged to the Sacramento River in
significant amounts by the Simpson Paper Company, located at Anderson California.
Dioxins and furans were formed in the chlorine bleaching of wood pulp. In the early
1990s, fish taken from the Sacramento River contained sufficient dioxins/furans to be a
threat to cause cancer in those who used the fish as food. Simpson Paper Company
changed its paper manufacturing process, which eliminated the production of
dioxing/furans. By the mid-1990s, the concentrations of dioxins and furans in the fish
taken from the mainstem of the Sacramento River decreased to acceptable levels.
However, dioxins and furans are highly persistent in aquatic sediments and are likely
present in the Delta sediments, as aresult of scour of Sacramento River-derived sediment
residues of dioxins and furans.
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Another source of dioxingfurans for the Delta is the McCormick & Baxter
Superfund site (US EPA, 2002a). (Also, consult DHS, 1997ab.). The sSite was a
creosoting company, where, as a byproduct, dioxins/furans were released. McCormick &
Baxter Creosoting Company is a 29-acre former wood-preserving facility located in an
industrial area near the Port of Stockton. Old Mormon Slough, which is connected to the
Stockton Deep Water Channel, borders the site on the north. From 1942 to 1990,
McCormick & Baxter treated utility poles and ralroad ties with creosote,
pentachlorophenol (PCP), and compounds of arsenic, chromium and copper. This
operation has contaminated the site and underlying groundwaters with PCP. Sediments
of Old Mormon Slough adjacent to the site are also contaminated, primarily with PAHs
and dioxins. Site-related contaminants have also been detected in fish caught in the
vicinity of the site (US EPA, 2002a).

According to J. Bruns (pers. comm., 2002), there may also have been a source of
dioxins in the western Delta, near Antioch. No additional information on this matter is
available.

Excessive bioaccumulation of dioxins and furans has been found in some fish in
the Delta and in San Francisco Bay (SFBRWQCB, 1997). While there has been some
detection of dioxins and furans in Central Valey waterbody fish, inadequate attention has
been given to the excessive bioaccumulation of dioxins and furans in the Sacramento-San
Joaquin River Delta and its tributaries. These chemicals are being found in urban area
street and highway stormwater runoff (Fisher, et al., 1999), and therefore would be
expected to be present in water and sediments near urban areas such as Sacramento and
Stockton. It isunclear at this time whether the former use of 2,4,5-T as a herbicide aong
roadways and elsewhere in the Central Valley is a current source of dioxins and furans.

There is need for comprehensive studies to determine the extent of edible fish
tissue contamination by dioxins and furans within Central Valley waterbodies and, where
excessive concentrations are found in edible fish tissue, to determine likely sources of the
dioxins and furans that are bioaccumulating to excessive levels.

Overall. Overall, while previous studies have been adequate to determine that thereis an
OCI excessive bioaccumulation problem in some of the Central Valley Waterbody fish,
the current degree of contamination and the current surces of the OCls are poorly
understood.

Regulatory Issues

The CVRWQCB (1998) Basin Plan presents the regulatory approach used by the
CVRWQCB to control water pollution in the Centra Valley. The foundation of this
control program is the establishment of beneficial uses for each of the Central Valley
waterbodies and water quality objectives to protect these uses.

Beneficial Uses. Each of the listed Waterbodies, either directly or through the Tributary

Rule, has as a designated beneficial use of “freshwater aquatic life habitat.” As such,
they are expected to be suitable areas for fish development, where the fish taken from
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these Waterbodies should be free of chemicals that are a threat to the health of those who
use the fish as food. Further, the bereficia use “commercial and sport fishing
(COMM),” isdefined by the CVRWQCB (1998) Basin Plan as,

“Uses of water for commercial or recreational collection of fish, shellfish, or
other organisms including, but not limited to, uses involving organisms intended
for human consumption or bait purposes.”

While the waterbodies within the Central Valley have not been designated as COMM by
the CVRWQCB, sportfishing, where the fish are used as food, is an important beneficial
use of many of the Central Valley waterbodies, including the listed Waterbodies.

Water Quality Objectives. The CVRWQCB (1998) Basin Plan states,

“ All waters shall be maintained free of toxic substances in concentrations that
produce detrimental physiological responses in human, plant, animal, or aquatic
life. This objective applies regardless of whether the toxicity is caused by a single
substance or the interactive effect of multiple substances. Compliance with this
objective will be determined by analyses of indicator organisms, species diversity,
population density, growth anomalies, and biotoxicity tests of appropriate
duration or other methods as specified by the Regional Water Board.

The Regional Water Board will also consider all material and relevant
information submitted by the discharger and other interested parties and
numerical criteria and guidelines for toxic substances developed by the Sate
Water Board, the California Office of Environmental Health Hazard Assessment,
the California Department of Health Services, the U.S Food and Drug
Administration, the National Academy of Sciences, the U.S Environmental
Protection Agency, and other appropriate organizations to evaluate compliance
with this objective.”

Pesticides. The Water Quality Objectives section of the Basin Plan includes the
following potentially applicable statements regarding pesticides in the subsection entitled
Water Quality Objectives for Inland Surface Waters:

= “No individual pesticide or combination of pesticides shall be present in
concentrations that adv ersely affect beneficial uses

= Discharges shall not result in pesticide concentrations in bottom sediments or
aquatic life that adversely affect beneficial uses

» Pesticide concentrations shall not exceed those allowable by applicable
antidegradation policies

= Pesticide concentrations shall not exceed the lowest levels technically and
economically achievable.

For purposes of these objectives, the term pesticide shall include: (1) any
substance, or mixture of substances, which is intended to be used for defoliating
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plants, regulating plant growth, or for preventing, destroying, repelling, or
mitigating any pest, which may infest or be detrimental to vegetation, humans,
animals, households, or be present in any agricultural or nonagricultural
environment whatsoever, or (2) any spray adjuvant, or (3) any breakdown
products of these materials that threaten beneficial uses. Note that discharges of
‘inert’ ingredients included in pesticide formulations must comply with all
applicable water quality obj ectives.”

CTR Criteria. The US EPA (2000a) Region 9 promulgated the California Toxics Rule
(CTR). The CTR provides the toxic chemical water quality criteria that are incorporated
into the Regional Board’'s Basin Plan objectives. Therefore, these criteria/objectives are
appropriate regulatory goals for an OCI management plan Table 2 presents the
California Toxics Rule water quality criteria for the OCI chemicals of concern in this
guidance. These criteria/objectives provide information on the one-hour average (acute)
and four-day average (chronic) concentrations of these chemicals that would not be
expected to be adverse to aquatic life. The US EPA (2000a) has indicated that several of
the OCI criteria are based on 1980 reports developed by the Agency. Additional data on
the toxicity of OCI pesticides to various forms of aguatic life is available from the US
EPA (2002b) Ecotoxicity Database. This database contains information on the toxicity of
various pesticides to various forms of aquatic life under various exposure conditions.

Table2
Freshwater Column Target Values for Organochlorine Compounds
Freshwater Human Health
(10 risk for carcinogens)

. For consumption of:

Constituent CMC cccC Water & | Organisms
(acute) (chronic) Organisms | Only (ug/L)
(Ho/L) (Hg/L) (Hg/L)

Aldrin 3 -- 0.00013 0.00014
Chlordane 2.4 0.0043 0.00057 0.00059
DDT* 1.1 0.001 0.00059 0.00059
Dieldrin 0.24 0.056 0.00014 0.00014
Endosulfan 0.22 0.056 110 240
Endrin 0.086 0.036 0.76 0.81
Heptachlor 0.52 0.0038 0.00021 0.00021
Heptachlor Epoxide 0.52 0.0038 0.00010 0.00011
Hexachlorocyclohexane 0.95 -- 0.019 0.063
(including lindane),
gamma-BHC
PCBs -- 0.014 0.00017 0.00017
Toxaphene 0.73 0.0002 0.00073 0.00075
Dioxins/Furans -- -- 0.000000013 | 0.000000014

Source: US EPA (2000a)

-- no value provided

Criteriaare based on carcinogenicity of 107 risk.

* DDT valuecited for 4,4’ DDT, but value will apply to one isomer or sum of all isomers detected.
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While the criteria for the OCl chemicals in Table 2 are for total water column
concentrations, there is considerable evidence that particulate forms of these chemicalsin
the water column are nontoxic to aguatic life. The US EPA (1995b, 2000a), in
developing the CTR criteria, recognized that some of the potentially toxic chemicals,
such as the particulate forms of certain heavy metals, are nontoxic, and regulate these
heavy metals as the dissolved form with respect to their potential to cause toxicity to
aquatic life. A similar situation should occur for the OCI water quality criteria
However, until the Agency makes the change from total OCls to dissolved forms of OCIs,
for current regulatory purposes, such as a management goal, the total water column
concentration of the OCls is used to determine compliance with a Basin Plan objective.

Also presented in Table 2 are the concentrations of the chemicals of concern that
can, under worst-case conditions, bioaccumulate in aguatic life to excessive levels. As
indicated, there are often several orders of magnitude lower concentrations of concern for
bioaccumulation than for aguatic life toxicity. This arises from the food web
bioaccumulation of these chemicals from water to higher-trophic-level organisms. The
“worst case” characterization is based on the OCl being present in the water column in
100 percent bioavailable form for a sufficient period of time to alow bioaccumulation.

It has been understood since the early 1970s that the worst-case bioaccumulation
numeric concentrations apply to a limited number of waterbodies where there is little or
no binding of the chemical of concern by particulates in the water column. Under
conditions where there is suspended sediment present in the aquatic system of concern,
the sediment and the organisms compete for the chemical, thereby allowing a much
higher concentration of the chemical in water without achieving critical tissue residues.
The fact that the worst-case-based water quality criteria, such as those listed in Table 2,
are not reliable predictors of the bioaccumulation that will occur in many waterbodies is
causing the US EPA to shift its regulatory approach from the worst-case water column
approach to a site-specific biota sediment accumulation factor (US EPA, 2000b), where
the critical water column concentration of a chemical (such as the legacy pesticides,
PCBs or dioxins) is determined based on the concentration that is expected to cause
excessive bioaccumulation in organism tissue. Thisis not a new concept. The authors,
as part of their work with the American Fisheries Society Water Quality Committee in
the late 1970s, together with the other committee members who were on the PCB review
committee, concluded (Veith, et al., 1979) that this is the approach that should be used,
where a site-specific bioaccumulation factor should be used rather than a worst-case-
based water quality criterion to judge excessive water concentrations of PCBs.

The CTR criteriaare CVRWQCB Basin Plan objectives for regulating OCls in the
water column. These criteria should be used with caution because of the worst-case
nature of the assumptions that were used in developing the criteria with respect to both
aquatic life toxicity and excessive bioaccumulation. Using these criteria/objectives based
on total concentrations of OCls in the water column, especialy in turbid waters, will tend
to gsignificantly overestimate the potentia aquatic life toxicity and the potentia to
bioaccumulate to excessive levelsin edible fish tissue.
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The US EPA is beginning to address the more appropriate regulation of
bioaccumulatable chemicals, such as the OCls, based on tissue residues rather than water
column concentrations. Pendergast (pers. comm., 2000) who heads the US EPA’ s Office
of Water TMDL Program, has indicated that it is the Agency’s intent to regulate
bioaccumulatable chemicals based on tissue residues rather than water column
concentrations, such as those listed in Table 2. The US EPA (2001ab), as part of
developing a more reliable approach for regulating mercury, is adopting a tissue residue
approach rather than a worst-case water column approach. Wood (pers. comm., 2002),
who heads the US EPA Region 9 water quality criteria program, has indicated that the US
EPA will likely eventually adopt a similar approach to that being adopted for mercury for
regulating bioaccumulation of OCls.

There is an important aspect of the magnitude of the water quality criteria
concentrations listed in Table 2 for aguatic life toxicity and, especidly, for those that are
based on worst-case bioaccumulation conditions, in that these concentrations are
typically lower than the detection limits of the frequently used analytica methods for
measuring water column concentrations of these chemicals. The authors have repeatedly
encountered situations where those not familiar with this situation will claim that, since
the concentration of DDT, toxaphene or PCBs, €tc., is less than the detection limit for the
analytical method used, these chemicals would not cause water quality problems. In fact,
concentrations that are sometimes orders of magnitude less than what can be readily
measured by analytical methods frequently used, can bioaccumulate to excessive levelsin
certain fish. The inadequate anaytical method detection limit situation provides
additional justification for regulating bioaccumulatable chemicals (such as the OCls)
based on critical tissue residues, rather than water column concentrations.

The critical concentrations of these chemicals in fish tissue for protection of
human hesalth are, in general, easily measured with readily available analytical methods.
Further, although attempting to measure many of these chemicals in sediments is often
fraught with significant interferences by other chemicals that are measured like these
chemicals but are not of water quality concern, the bioaccumulated residues in animal
tissue are “cleaned up” through the bioaccumulation process so that they are, in generd,
easily measured.

Drinking Water MCLs. In addition to being concerned about the concentrations of OCls
in water that are potentialy adverse to aquatic life through toxicity and to humans
through excessive bioaccumulation in fish and other aguatic life as listed in the CTR
criteria (Table 2), there is also concern about the concentrations of the OCls that could be
adverse to the use of awater for domestic water supply purposes. The finding of an OCl
above a US EPA maximum contaminant level (MCL) would constitute a violation of the
CVRWQCB Basin Plan. As discussed in a subsequent section, in reviewing existing
data, this situation hes occurred in the 1990s in the San Joaquin River watershed. Table 3
presents the US EPA and OEHHA drinking water MCLs, as well as the OEHHA public
health goals for the OCls of concern in this report.
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The US EPA has not established a drinking water MCL for DDT, DDD, and
DDE. These constituents are regulated in the CTR criteria. The OEHHA public health
goals reflect the Agency’s concern that any concentration above the goa is adverse to
those who consume the water over extended periods of time. A comparison of Tables 2
and 3 shows that the critical concentrations for the OCls that affect aquatic life are, in
general, somewhat lower than the concentrations allowed in drinking water. Further, the
critical concentrations of the OCls that can bioaccumulate under worst-case conditions to
excessive levelsin fish tissue are often considerably lower than the drinking water MCL.

OEHHA Fish Tissue Criteria. Table 4 presents the US EPA and OEHHA fish tissue
screening values for evaluation of excessive bioaccumulation of selected chemicals.
These are the same values listed by the US EPA (2002c) Region 9 as fish tissue TMDL
target values for organochlorine compounds in Upper Newport Bay and its tributaries.

Table3

Drinking Water MCLs

CHEMICAL USEPA Drinking OEHHA Drinking OEHHA Public
Water MCL (ug/L) | Water MCL (ug/L) | Health Goal (ug/L)
Chlordane 2 0.1 0.03
Total DDT see CTR criteria
Dieldrin 7
Endrin 2 2 1.8
Heptachlor 0.4 0.01 0.008
Heptachlor epoxide 0.2 0.01 0.006
?-hexachlorocyclohexane 0.2 0.2 0.032
(lindane)
Toxaphene 3 3
PCBs 0.5 0.5
Dioxin (2,3,7,8 TCDD) 3x10° 3x10°
Source: www.epa.gov/safewater/mcl.html, US EPA (2002d)
Source: www.oehha.ca.gov/water, OEHHA (2002)
Table4
US EPA and OEHHA Fish Tissue Screening Values
CHEMICAL USEPA Value' OEHHA Value®
(ng/kg wet weight) (ug/kg wet weight)
Chlordane® 80 30
Tota DDT" 300 100
Didldrin 7 2
Total endosulfarr 60,000 20,000
Endrin 3000 1000
Heptachlor epoxide 10 4
?-hexachlorocyclohexane 80 30
(lindane)
Toxaphene 100 30
PCBs’ 10 20
Dioxin TEQ' 0.7 ppt 0.3 ppt

Source: SARWQCB (2000)
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1. USEPA SVs(USEPA, 19953) for carcinogens were calculated for a 70 kg adult using a cancer risk of
1x10-5. SVsfor non-cancer effects were calculated for a 70 kg adult and exposure at the RfD (hazard
quotient of 1). A fish consumption value of 6.5 g/day was used in both cases.

2. Cdifornia OEHHA (1999) SVs(CLS-SV's) specifically for this study were calculated according to US

EPA guidance (US EPA, 1995a). CLS-SVsfor carcinogens were calculated for a 70 kg adult using a

cancer risk of 1x10-5. CLS-SVsfor non-cancer effects were calculated for a 70 kg adult and exposure

at the RfD (hazard quotient of 1). A fish consumption value of 21 g/day was used in both cases

Sum of alpha and gamma chlordane, cis- and trans-nonachlor and oxychlordane.

Sum of othro and paraDDTs, DDDs and DDEs.

Sum of endosulfan | and I1.

Expressed as the sum of Aroclor 1248, 1254 and 1260.

Expressed as the sum of TEQs for dibenzodioxin and dibenzofuran compounds which have an

adopted TEF.

Noakw

The values listed in Table 4 are based on an upper-bound estimated cancer risk of
one additional cancer in a population of 100,000 people who consume, on the average,
6.5 g/day (about 1 meal/month) of the fish containing the screening value concentration
over their lifetime. Additiona information on critical concentrations of OCls in fish
tissue is provided by Brodberg and Pollock (1999) and US EPA (1997a).

The screening values listed in Table 4, when adjusted for appropriate
consumption rates for people who use fish from the 11 listed Waterbodies as a regular
part of their diet, are the recommended screening vaues that should be used as
management goals in an OCI bioaccumulation management plan for a cancer risk of 107.
These are the values that have been used in this study in evaluating the existing OCI
database for the Central Valley Waterbodies.

As discussed by SARWQCB (2000), the US EPA’s draft guidance document for
managing excessive bioaccumulation provides a tool to develop monthly consumption
screening values and/or regulatory values for fish and shellfish tissue. The same
approach was used by OEHHA (1999) in their development of their screening vaues for
consumption of fish containing OCls. SARWQCB (2000) has provided information on
how the magnitude of the screening value changes as a function of fish meal size and
frequency of consumption. This material is discussed in a subsequent section. The
technically valid approach for regulating excessive OCIl bioaccumulation should be based
on OEHHA screening values that are adjusted for local fish consumption rates and the
appropriate cancer risk level.

FDA Action Levels. The US Food and Drug Administration (FDA) (1984) has
developed Action Levels for the consumption of freshwater and marine fishthat may
contain hazardous chemicals. These values are presented in Table 5.

The FDA Action Levels were, at one time, widely used to judge excessive fish
tissue concentrations for many of the OCls. However, as additional information became
available on the specific human health threat that was associated with consumption of
fish with elevated OCI residues, it became apparent that the FDA Action Levels were not
protective of human health. The FDA Action Levels consider economic and other non
health-related issues in their development. As a result of this situation, the US EPA and
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OEHHA developed risk-based values (presented in Table 4) for consumption of fish
containing OCls.

Table5
FDA Regulatory Action Levels (Regulatory Values) for Toxic Chemicalsin Fish
(wet weight)
Chemical FDA®Action Levelsfor Freshwater and Marine Fish
(Edible Portion) (ug/g) (ppm)
DDT (total) 5.0
PCB (total) 2.0°
Aldrin 0.3
Diddrin 0.3
Endrin 0.3
Heptachlor 0.3
Heptachlor Epoxide 0.3
Chlordane 0.3
Lindane --
HCH --
Endosulfan --
Toxaphene 5

Source: SARWQCB (2000)
-- no values provided

4 US Food and Drug Administration. (1984). Shellfish Sanitation Interpretation: Action Levels for Chemicals and
Poisonous Substances, June 21, 1984. US FDA, Shdllfish Sanitation Branch, Washington D.C.

b A tolerance, rather than an action level, has been established for PCBs (21CFR 109, May 29, 1984). An action level
is revoked when a regulation establishes a tolerance for the same substance and use.

NAS Criteria. The SWRCB staff, as part of the Toxic Substances Monitoring Program
(TSMP), has been using what they call “NAS’ criteriafor evaluating excessive fish tissue
concentrations. These values are numeric concentrations that were suggested by the
National Academy of Science (NAS) and the National Academy of Engineering (NAE)
in their 1972 Blue Book of water quality criteria (NAS/NAE, 1973). These values are
presented in Table 6.

The NAS/NAE (1973), as part of discussing the development of these values,
stated:

“ Present knowledge is not yet sufficient to predict or estimate safe concentrations
of these compounds in aquatic systems. However, residue concentrations in
aquatic organisms provide a measure of environmental contamination.
Therefore, specific maximum tissue concentrations have been recommended as a
guideline for water quality control.

For the protection of predators, the following values are suggested for residuesin
whole fish (wet weight): DDT (including DDD and DDE) — 1.0 mg/kg; aldrin,
dieldrin, endrin, heptachlor (including heptachlor epoxide), chlordane, lindane,
benzene hexachloride, toxaphene, and endosulfan — 0.1 mg/kg, either singly or in
combination.
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Aquatic life should be protected where the maximum concentration of total PCB
in unfiltered water does not exceed 0.002 pg/L at any time or place, and the
residues in the general body tissues of any aquatic organism do not exceed 0.5

Hg/g.”

Table6
Recommended M aximum Concentrations of Organochlorine Pesticidesin
Whole (Unfiltered) Water, Sampled at Any Time and Any Place

Organochlorine Pesticides Recommended Maximum Suggested Values
Concentration (ug/L) for Tissue Residues
(mg/kg), wet weight

Aldrin 0.01 0.1

DDT 0.002 1

TDE 0.006

Dieldrin 0.005 0.1

Chlordane 0.04 0.1

Endosulfan 0.003 0.1

Endrin 0.002 0.1

Heptachlor 0.01 0.1

Lindane 0.02 0.1

M ethoxychlor 0.005

Toxaphene 0.01 0.1

PCBs 0.002 0.5

Source: NASNAE (1973)

The senior author of this report (G. Fred Lee) was an invited peer reviewer to the
NAS/NAE for the “Blue Book” water quality criteria. Heis, therefore, familiar with how
these criteria were developed and the considerable uncertainty associated with critical
tissue residue levels for protection of aguatic life in higher-trophic-level organisms.
Upon learning that the SWRCB and the Regional Boards were using these values in
evaluating excessive bioaccumulation of chemicals in fish tissue, he contacted the Chair
of the Blue Book water quality criteria committee (Carlos Fetterolf), the National
Academy of Sciences, the US EPA, and othersto obtain their assessment of the reliability
of the suggested critical tissue residues presented in the Blue Book (which were largely
based on 1960s information) as appropriate for use today to judge excessive
concentrations of bioaccumulatable chemicalsin aquatic life.

The chairman of the NAS/NAE (1973) Blue Book Criteria Committee (Fetterolf,
pers comm., 1996), who was also former chief biologist for the state of Michigan water
pollution control program and former executive secretary of the Great Lakes Fisheries
Commission, indicated that it is inappropriate to use the 1972 “NAS’ Blue Book values
as being reliable today for estimating excessive concentrations of chemicals in aquatic
life tissue. The US EPA, any state other than California, and the National Academy of
Sciences do not recognize the “NAS’ vaues used by the SWRCB and the Regionad
Boards as reliable screening values for determining excessive concentrations of
chemicals in aquatic organism tissue.
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The National Academy of Sciences Committee on Evaluation of the Safety of
Fishery Products, Food and Nutrition Board, Institute of Medicine, staff member F.
Ahmed was contacted regarding whether the NAS recognized the NAS/NAE Blue Book
of fish tissue guidelines. While the NAS has published a book on Seafood Safety
(Ahmed, 1991), Ahmed did not know that the 1972 Blue Book so-called “guidelines’
existed, and indicated that they are not recognized by the NAS as being reliable today.

A comparison between the late 1960/early 1970 state of information on the
critical concentrations of OCIls to cause aquatic life toxicity, as shown in Table 6, and the
CTR criteria, shown in Table 2 shows that there have been significant changes in a
number of these values. This is to be expected, based on the large amount of work that
has been done since the late 1960s in relating the concentrations of chemicals to their
effects on aquatic life. Ankley (pers. comm., 2002), of the US EPA National Health and
Environmental Effects Research Laboratory Mid-Continent Ecology Division, Duluth,
MN, has commented that, “ The fact that the values are the same (0.1 mg/kg) for whole
host of OCs with differing mechanisms of action should be a tip off as to how reliable
they may be.” Dr. Ankley is an internationally recognized expert on aguatic organism
health effects of tissue residues.

As part of developing regulatory approaches for disposal of contaminated dredged
sediments, the US Army Corps of Engineers (US ACOE, 1997) developed “The
Environmental Residue-Effects Database (ERED).” This database is a compilation of
information on the concentrations of chemicals in aquatic organism tissue and their
apparent effects on aguatic lifee. The ERED is available electronicaly from
http://ered1.wes.army.mil/ered/index.cfm. It was last updated June 2001. It now
contains 3,463 results of 736 studies on 188 species for 222 analytes.

The issue of critical concentrations of bioaccumulatable chemicals in aquatic life
tissue is one that has been addressed by the US EPA. Jarvinen and Ankley (1999) have
published a review, Linkage of Effects to Tissue Residues. Development of a
Comprehensive Database for Aquatic Organisms Exposed to Inorganic and Organic
Chemicals. This publication presents a comprehensive, critically-reviewed, literature-
based assessment of the concentrations of chemicals found in aquatic organisms relative
to observed effects on the organisms. The Jarvinen and Ankley (1999) database has well
over 3,000 entries for 200 chemicals, and is based on 500 references. The organochlorine
pesticide database includes 15 organochlorine pesticides, with 473 endpoints and 91
references, representing 68 aguatic species, 46 of which were freshwater.

Appendix B presents an excerpt from the Jarvinen and Ankley (1999) review for
the concentrations of DDT and other legacy pesticides and PCBsin whole organisms and
the associated effects on the organism. The Jarvinen and Ankley toxicity/residue
database as published by SETAC press is available in an Access database format at the
web site http://www.epa.gov/med/databases/tox_residue.htm. Examination of Appendix
B shows that there is a wide range of values of DDT concentrations in fish and other
aquatic life that have been found to be adverse to the host organism. A comparison
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between the information presented in Appendix B for DDT residue concentrations
relative to effects on aquatic life and the “NAS’ guideline value presented in Table 6
shows that there are concentrations well above the guideline value that have been found
to not be adverse to agquatic life. There are also situations where concentrations below the
“NAS’ value were adverse. The conclusion is that the “NAS’ values are not reliable
values for evaluating the potential impacts of OCls on aquatic life that host the OCI

residue, or higher-trophic-level organisms that use the residue host as food.

US EPA Great Lakes Water Quality Initiative. In the 1980s the US EPA (1990a,b), as
part of the Canadian/US Great Lakes water quality program, conducted comprehensive
reviews of the critical concentrations of various chemicals to aquatic life and wildlife.
One of the issues addressed was the relationship between water concentrations of
potential pollutants and the concentrations that are adverse to wildlife through eating fish
that have bioaccumulated the pollutant. The US EPA developed a rigorous approach for
developing water quality criteria for protection of wildlife (US EPA, 1990b, 1995¢). The
US EPA concluded that there was sufficient information to justify developing water
quality criteria for PCBs, DDT, mercury and dioxins that are designed to protect wildlife
and birds that use Great Lakes fish as food. The latest information on these criteria is
provided in US EPA (2000c). The criterion for PCBsis 1.2 x 10“ ug/L. For DDT, it is
1.1 x 10° pg/L. For 2,3,7,8-TCDD (a form of dioxin), it is 3.1 x 10° pg/lL. A
comparison to the “NAS’ PCB criterion for protection of wildlife (0.002 pg/L) shows
that the Great Lakes Initiative criterion is about an order of magnitude lower than the
“NAS’ criterion. For DDT the Great Lakes Initiative value is about 2 orders of
magnitude lower than the “NAS’ .value (0.002 pg/L). There was not sufficient
information, however, to develop wildlife-based water quality criteria for the other OCls.
Further, while the US EPA did wse a number of more recent “NAS’ guidance values in
developing the Great Lakes Initiative criteria, the Agency did not use the “NAS” (1973)
Blue Book values as appropriate criteriafor protection of OCl host organisms and higher-
trophic-level wildlife.

The senior author was involved in Great Lakes water quality issues for about 20
years. During this time he became familiar with the behavior of various OCls in the
Great Lakes waters. It became clear that a single OC| water quality criterion was not
appropriate for al of the Great Lakes. Each Great Lake behaved differently with respect
to how an OCl, such as a pesticide or PCBs, bioaccumulated and impacted aquatic life.
This was related to the trophic state (algal biomass) of the waterbody. The lower Great
Lakes, Erie and Ontario, which are much more productive waterbodies, could have much
higher concentrations of OCls without excessive bioaccumulation or toxicity than the
upper Great Lakes (Superior, Michiganand Huron).

It would be inappropriate to use the Great Lakes Initiative wildlife-based water
quality criteriain Central Valley waterbodies because of the large amounts of suspended
solids for waterbodies compared to the upper Great Lakes, which served as the basis for
the Great Lakes Initiative wildlife criteria. As a result, at this time, there are no valid
water quality criteria or tissue residues that can be used to determine excessive
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concentrations in the water column or in aguatic organisms that would be protective of
host organisms and higher-trophic-level organisms.

OCI Management Goals

There are several regulatory limits that can be used as OCl| excessive
bioaccumulation management goals, the most important of which are the OEHHA
screening values (Table 4) for determining excessive edible fish tissue concentrations for
each of the OCls of concern in this OCI management guidance. In addition, there are the
US EPA water quality criteria (Table 2) and the US EPA and OEHHA drinking water
MCLs (Table 3), which are appropriate TMDL goals for water column concentrations of
the OCls. While some agencies propose to use co-occurrence-based sediment quality
guidelines as an OCI TMDL target, as discussed herein, this approach is technically
invalid since there is no reliable relationship between the co-occurrence-based sediment
quality guidelines and the concentrations in sediments of bioavailable forms of the OCls
that bioaccumulate to excessive levelsin edible fish and other aquatic life.

The management goal to control excessive bioaccumulation of OCls should be
based on critical tissue residues to protect those who use the fish as food from increased
cancer risk. The OEHHA values listed in Table 4 when adjusted for site-specific fish
consumption rates for the listed Waterbody, are the recommended management goals for
the Waterbody. Since site-specific consumption rates are not now available, there is need
to develop this information so that an appropriate OCl bioaccumulation management
program can be developed for the listed Waterbodies.

Since regulatory agencies need to establish critical concentrations of a chemical in
water and/or sediments as part of implementing a regulatory program to control
beneficia use impairment, there is need to establish first-cut, site-specific critical
sediment concentrations of each of the OCls that cause a 303(d) listing and allowed
loading for each of the listed Waterbodies. The co-occurrence-based so-called “sediment
quality guideline” values should not be used for this purpose because of their obvious
unreliability. Instead, site-specific sediment biota accumulation factors should be
developed which relate the listed Waterbody’s allowable edible tissue residues to the
sediment-associated bioavailable forms of the OCls of concern. The approach used
should follow US EPA guidance (discussed herein) for establishing sediment-associated
bioavailable forms involving incubation of Lumbriculus variegatus in the sediments.

The site-specific biota accumulation factors for each of the listed Waterbodies or
pats thereof can be used as an initid estimate of the degree of sediment
remediation/source control needed to achieve the Waterbody-specific allowable OCl fish
tissue residue. It should be understood that the initial waterbody site-specific sediment
biota accumulation factor will likely need to be adjusted as additional information is
obtained and especially during the course of a source control and/or sediment remediation
program. Further, there will likely be need for large waterbodies, such as the Delta,
Sacramento River, San Joaquin River, etc., to develop specific information for parts or
reaches of the waterbody to relate bioavailable forms in the sediments and from sources
to tissues of edible fish taken from each of the reaches of the waterbody.
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Critical Sediment OCI Concentrations. It was established in the 1960s, through work on
the concentrations of potentialy toxic chemicals in sediments through measured toxicity,
as well as the extent of bioaccumulation of the sediment-associated chemical in aquatic
life, that the total concentration of a chemical in sedimentsis an unreliable indicator of its
potential impacts on aguatic life. During the 1970s, the authors of this report (G. F. Lee
and A. Jones-Lee) and their associates conducted about $1 million in research on the
water quality significance of about 30 chemicals in U.S. waterways’ sediments taken
from approximately 100 locations across the United States (see Lee, et al., 1978, and
Jones and Lee, 1978). A summary of this work has been published by Lee and Jones-Lee
(2000). These studies included measurement of the OCls of concern in this TMDL
guidance report in water, sediments and aquatic life. These studies documented what was
known before they were initiated, that the total concentration of an OC|, heavy metal, or
many other congtituents in sediments was not related to its biological effects or tendency
to be released to the water column.

During the 1970s, under contract with the Corps of Engineers, Dr. G. Fred Lee
conducted studies of the release of organochlorine pesticides and PCBs from sediments
for about 100 different U.S. waterways. He found that PCBs were most readily released
to the water column from sediment suspension when the sediments had a low petroleum
hydrocarbon content. This release was not necessarily related to the total organic carbon
(TOC) content of the sediments. Sediments with low petroleum hydrocarbon content,
which are typically sandy type sediments, such as obtained several miles out in the Gulf
of Mexico near Galveston, Texas, readily released a substantial portion of the PCBs
present in the sediments during suspension of the sediments in the water column.
Sediments with high petroleum hydrocarbon content which had much higher
concentrations of PCBs (taken from the Houston Ship Channel) released little of the
PCBs upon suspension into the water column.

Equilibrium partitioning is an approach developed by the US EPA to relate the
release of certain chemicals bound to sediments to the interstitial waters associated with
the sediments. Inthe early 1990s it was thought that equilibrium partitioning between the
sediment TOC and the OCI dissolved in the interstitial water could be used to regulate the
concentrations of certain chemicals such as OCls in sediments, with respect to their
potential to be toxic to aquatic life. For further information on equilibrium partitioning,
consult US EPA (2002¢).

Based on the authors' studies, which included measurement of sediment TOC and
the release of OCls upon suspersion of the sediments and their associated interstitial
water in an elutriate test, it is clear that equilibrium partitioning with TOC is not the only
mechanism controlling PCB release. Release is dependent not only on the TOC content,
but on the type of organics that make up the TOC. Sediments with high petroleum
hydrocarbon content bound OCls more strongly per unit organic carbon than sediments
with the same TOC but low petroleum hydrocarbons. How this relates to
bioaccumulation, which is the other important process governing the transfer of PCBs
from sediments to agquatic organisms through the food web, is not well understood. This
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has been a long-standing issue that still has not been adequately addressed. It is of
importance in determining the appropriate approach to take for sediment remediation for
controlling OCI excessive bioaccumulation.

The authors and their associates studies served as a foundation for the US Army
Corps of Engineers and the US EPA to develop a biological-effects-based approach for
regulating the disposal of chemically contaminated dredged sediments. In the late 1970s,
the US EPA and Corps developed dredged sediment evaluation manuals for freshwater
and marine systems that relied on measurements of aquatic life toxicity and
bioaccumulation in aguatic organisms as a means of evaluating the potential water quality
significance of chemical constituents in aquatic sediments. These manuals have been
updated as US EPA/US ACOE (1991, 1998).

Unreliability of Sediment Co-Occurrence-Based Approaches. Beginning in the 1980s,
several individuals ignored the well-established fact that the total concentration of a
constituent in sediments is an unreliable predictor of aquatic life toxicity. The most
notable of the inappropriate approaches that have been advocated for evaluating sediment
quality is the co-occurrence-based approach first developed by Long and Morgan. Long
and Morgan (1990) proposed co-occurrence-based sediment quality “guidelines’ to
predict the impact of sediment-associated chemicals on aquatic life living within or upon
sediments. The co-occurrence-based approach as used by Long and Morgan and others
such as MacDonald (1992) involves compiling sets of sediment data that contain some
information on sediment biological characteristics, such as laboratory measured toxicity,
or benthic organism assemblages (numbers and types of organisms) and the total
concentration of potential pollutants. The potentia pollutants are those that are typically
considered in water quality assessments that have been found in some other non
sediment-related sSituations to be toxic to aguatic life.  The literature reported
concentrations are ranked according to increasing concentration. The sediment
concentration which has a so-called “effect” is used to develop a co-occurrence between
a sediment chemical concentration measured as a total concentration and a water quality
“effect.”

Lee and Jones-Lee (1996a,b) have provided a detailed discussion of the lack of
technical validity of the co-occurrence-based approach for evaluating sediment quality.
As they point out, this approach has a number of inherent, invalid assumptions. First, the
approach presumes that there is a causal relationship between the concentration of each
contaminant considered in sediment and the water quality impact of that sediment.
Second, it presumes that the “effect” reported for each sediment was caused
independently by each of the measured chemical contaminants in that sediment. Third, it
presumes that no other chemical or condition not included in the database has any
influence on the manifestation of the “effect” that co-occurs with the particular chemical
of focus; ignored are several sediment-associated contaminants and conditions that are
well-recognized to cause aquatic life toxicity, including ammonia, hydrogen sulfide, and
low dissolved oxygen. Fourth, it presumes that the assessments made of “effects’ of the
sediments relate in some meaningful way to adverse impacts on beneficia uses of the
waterbody in which the sediments are located.
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In regulatory applications, co-occurrence information has been used or proposed
for use, abeit incorrectly, to establish various “effects threshold” values. That is,
applying statistics to the ranked listing of co-occurrence information of a given chemical,
it was determined for that data set the concentration of the chemica that has a given
probability of co-occurring with an impact, or the bwest concentration with which “no
effect” co-occurred for that set of sediments. Examples of these approaches are the
“Apparent Effects Threshold” (AET), and numeric vaues developed from Long and
Morgan's (1990) data presentation in the form of ER-L and ER-M values, and “Probable
Effects Lewels” (PEL) vaues derived from MacDonald's (1992) co-occurrence
compilations. If a sediment contains a chemical in concentrations above the AET, PEL,
or similar value, the sediment is considered by some regulators or proposed regulations to
be “polluted,” and to require special consideration such as “remediation,” alternate
methods of dredged sediment disposal, or control of permitted discharges to the
waterbody of a chemical that accumulates in the sediments.

As discussed by O’Connor (1999ab, 2002), O'Connor and Paul (2000),
O’ Connor, et al. (1998), Engler (pers. comm.), Ditoro (2002), Chapman (2002), Burton
(2002), Lee and Jones (1992), and Lee and Jones-Lee (1993; 1996a,b; 2000, 2002), the
co-occurrence approach is not a technically valid approach for assessing the potential
impacts of chemical constituents in sediments. It has been well-known for over 30 years
that the total concentration of a chemical constituent in sediments is not a valid measure
of the toxic/available forms of constituents that can impact aquatic life through toxicity or
cause other impacts. Further, and most important, co-occurrence is not a valid basis for
simple systems with a limited number of constituents for evauating the cause of a
measured impact. Co-occurrence is obviously not valid for relating the corcentrations of
sediment-associated potential pollutants to observed laboratory-measured toxicity or
atered organism assemblages in which the chemica constituent of concernis measured.
In normal situations, there is no valid cause-and-effect relationship between the total
concentration of a chemica constituent in a sediment and its responsibility for some
measured “impact.”

As more and more data were accumul ated that showed that the Long and Morgan
and MacDonald guideline values were not reliable predictors of sediment toxicity and
other impacts, Long and his associates tried to improve the reliability of the co-
occurrence-based approach by using the normalized summed quotients for several
chemica constituents to establish the value for comparison with the biological
characteristic of the sediments determined by their co-occurrence evaluation While not
discussed by Long and Morgan and others who advocate this approach, the magnitude of
the normalized summed value depends on the constituents included in the data review.
While for highly degraded areas there is some claimed success for the expanded
approach, the expanded co-occurrence approach is also not valid to relate the
concentration of a single chemical constituent or a group of constituents’ impacts on
sediment and overlying water quality/beneficial uses.



Even though it is well-recognized that the Long and Morgan (and, subsequently,
MacDonald) co-occurrence approaches are not valid tools to evaluate the potential
significance of a chemical constituent in a sediment, there is continuing use of the co-
occurrence-based guideline values as regulatory goals upon which control programs, such
as TMDLs, are based. This arises from a lack of knowledge and understanding of
sediment chemistry and toxicology/biology by those who are responsible and/or
interested in sediment quality management.

Those who advocate use of co-occurrence-based sediment guidelines frequently
clam that there are insufficient funds available to conduct the needed biological-effects-
based evaluation of sediment chemistry and toxicology/biology to properly evaluate the
water quality significance of a constituent in sediments  Since total chemical
concentration data are frequently available for sediments, and since co-occurrence
approaches superficially seem to provide a way to use these data in sediment quality
evauation, the co-occurrence-based approach receives use by regulatory agencies in
order to provide some “information” on sediment quality without having to spend any
significant amount of additional funds in sediment quality evaluation. Thereis also a
strong desire by some to do something in addressing sediment quality even if there is an
inadequate technical information base to enable a reliable sediment quality evaluationto
be made. Such an evaluation would require detailed study of the sediments aquatic
chemistry/toxicol ogy/biology.

One of the most significant recent inappropriate uses of co-occurrence-based
approaches for regulating sediment quality has been proposed by the US EPA (2002c)
Region 9. The Agency used the Buchman (1999) “NOAA Screening Quick Reference
Tables (SQUIRTS)” to obtain TMDL targets for managing excessive bioaccumulation of
organochlorine pesticides and PCBsin Upper Newport Bay, Orange County, CA, and its
tributary San Diego Creek. The organochlorine chemicals of concern (for which there is
excessive bioaccumulation in the Upper Newport Bay and its tributaries) are chlordane,
dieldrin, DDT, PCBs and toxaphene. In discussing numeric targets for organochlorine
TMDLs, the US EPA (2002c) states,

“ As discussed in Section 11, EPA evaluated the applicable water quality criteria
and sediment and tissue screening levels to determine the appropriate numeric
targets for these organochlorine TMDLs. We have prioritized sediment quality
guidelines over tissue screening values and water column criteria. This decision
is based on the following factors:

1) these pollutants are directly associated with sediments (i.e., fine particulate
matter);

2) sediments are the transport mechanism for these organochlorine compounds
from freshwaters to salt waters;

3) limited water column data are available to adequately describe the past or
current conditions; and

4) attainment of the sediment targets will be protective of the water column
criteria and tissue screening values.”
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This approach and the reasoning in support of it are fundamentally flawed from
several perspectives. First, the so-called “NOAA SQUIRT values’ are co-occurrence-
based values that evolved out of the Long and Morgan and MacDonald work. The
biological effect used to establish these values did not consider bioaccumulation.
Further, critical human health bioaccumulation concentratiors in edible fish are
frequently far below any concentration that is adverse to the host organism (fish). There
is no relationship between the co-occurrence values of Long and Morgan and MacDonald
and the potential for a chemica constituent in sediments to bioaccumulate to excessive
levelsin edible fish tissue.

With respect to the first and second justification listed above in support of this
approach, the fact that a chemical tends to become associated with sediments is not
justification for using co-occurrence to predict excessive bioaccumulation. As far as the
validity of the third justification, those familiar with bioaccumulation situations know
that measurement of constituents of concern in the water column is not a reliable
approach for predicting the bioaccumulation of organochlorine pesticides, PCBs, dioxins,
etc. With respect to the fourth justification in support of this technically invalid
approach, because of its fundamental unreliability, it is inappropriate to say that it is
either under- or over-protective.

There is no reliable way to relate sediment concentrations of organochlorine
pesticides and PCBs to excessive bioaccumulation of these chemicals in edible fish tissue
except through site-specific studies. Thisissueis discussed in a subsequent section. The
US EPA Region 9 has made a serious error in using the Buchman SQUIRT co-
occurrence-based values. This approach should be immediately abandoned in favor of
fish tissue target values developed by the CA Office of Environmenta Health Hazard
Assessment. These values are appropriate TMDL goas for managing the excessive
bioaccumulation of organochlorine pesticides and PCBs.

The approach that should be followed in evaluating the water quality/sediment
quality significance of a chemical constituent in sediments was defined by the US EPA
and the Corps of Engineers in the 1970s for regulating contaminated dredged sediments.
As discussed above, the US EPA/US ACOE (1991, 1998) developed dredged sediment
quality evaluation manuals which provide detailed guidance on determining whether the
management of a contaminated dredged sediment in a particular manner will impact
water quality of the receiving waters where the management/disposal of the dredged
sediment takes place. These agencies used a biological-effects-based approach rather
than a chemical-concentrationbased approach — e.g., rather than measure copper in the
sediments and then speculate about the copper toxicity and its sediment/water quality
impacts, the US EPA/US ACOE approach measures toxicity and then uses Toxicity
Invedigation Evaluatiors (TI1ES) to determine its cause.

Lee et al. (2002), associated with their work on the role of PCBs in city of

Stockton Smith Canal sediments as a source of PCBs that are bioaccumulating to
excessive levels in Smith Canal fish reviewed the literature on the approach that should
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be used to relate sediment concentrations of OCls to aquatic life tissue residues.
Presented below are excerpts from the US EPA (2000b) which provides additional
information on this issue. Also see discussion of this issue by Leg, et al. (2002) in their
Smith Canal PCB report.

Theoretical Basis for Bioaccumulation from Sediments. The US EPA (2000b) report,
“Bioaccumulation Testing and Interpretation For the Purpose of Sediment Quality
Assessment: Status and Needs,” provides important background information on the use
of bioaccumulation tests to evaluate whether contaminated sediments pose an ecol ogical
and/or human health risk. As discussed in this report,

“The bioavailability of contaminants in ®diment is a function of the type of
chemical and the chemical speciation, as well as the behavior and physiology of
the organism. The two basic routes of exposure for organisms are transport of
dissolved contaminants in pore water across biological membranes, and ingestion
of contaminated food or sediment particles with subsequent transport across the
gut. For upper-trophic-level species, ingestion of contaminated prey is the
predominant route of exposure, especially to hydrophobic chemicals [such as the
organochlorine pesticides and PCBg] .”

Brower and Cecchine (2002) have just published a review on the bioavailability
of chemical constituents in aquatic sediments. The bioavailability of organochlorinesis
controlled to a major extent through partitioning between the chemical constituent and
organic matter. Those constituents with high octanol water partition coefficients (Kow)
tend to bioaccumulate to a greater degree, especialy in organisms with higher lipid
content. The US EPA (2000b) presents a discussion of the theoretical basis for
bioaccumulation of chemicas like PCBs and the organochlorine pesticides from
sediments. The following section is an extract from this report.

3.3.2.3 Biota-Sediment Accumulation Factors

In USEPA (1995a), BSAFs are defined as the ratio of a substance’s lipid-normalized
concentration in tissue of an aquatic organism to its organic carbon-normalized
concentration in surface sediment, in situations where the ratio does not change
substantially over time, both the organism and its food are exposed, and the surface
sediment is representative of average surface sediment in the vicinity of the organism.

Site-specific BSAFs (kg of organic carbon/kg of lipid) are calculated for nonpolar organic
compounds using the formula

BSAF = (Ct/f1) / (Cs/foc) (4)

where Ct is the contaminant concentration in the organism (both wet and dry weight are
commonly used, so moisture content should be provided whichever is used, as well as a
clear delineation of which is selected), f1 is the lipid fraction in tissue, Cs is the
contaminant concentration in sediment (generally dry weight), and foc is the organic
carbon fraction in sediment. This lipid-normalized relationship was developed for neutral
(nonionic) organic compounds and is not appropriate for inorganic substances (e.g.,
metals), although it has been applied to tributyltin (Eisler, 1989). This relationship is not
applicable to methylmercury because methylmercury binds tightly to tissue
macromolecules (Spacie et al., 1995; Bridges et al. 1996).
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One of the basic premises of equilibrium-based modeling as related to sediments is the
equilibrium partitioning theory (DiToro et al., 1991). This theory is being used to propose
sediment quality guidelines for two nonionic organic compounds (e.g., USEPA, 1994a),
as well as for PAH mixtures and metals mixtures. The essence of the theory is that
concentrations of hydrophobic chemicals in sediments are more predictive of biological
effects when they are normalized to sedimentary organic carbon. Through this
normalization, the concentration of these compounds in the pore water can be predicted
based on Equation 5. Evidence to date indicates that chemicals that are freely dissolved
in the pore water are more hioavailable than chemicals sorbed to sediments. Thus the
pore water concentration, as measured or as predicted through equilibrium partitioning, is
a better predictor of bioaccumulation than concentrations of chemicals on a dry weight
basis in the sediment (DiToro et al., 1991).

Cw = Csl/focKoc (5)

where Cw is the freely dissolved concentration of nonionic chemical compound in pore
water, Cs is the concentration of the chemical in the sediment, foc is the fraction of
sedimentary organic carbon, and Koc is the organic carbon-water partition coefficient
(which can be related to Kow).

As with BAFs, BSAFs are typically derived on a site- and species-specific basis, using
empirical data (USEPA, 1992). Therefore, they incorporate the effects of metabolism,
biomagnification, growth, and bioavailability. BSAFs can also be used to estimate BAFfd,
as described in Cook et al. (1993) and USEPA (1995a), where BAFfd is defined as
follows, where Cfd is the freely dissolved concentration of a contaminant in water:

BAFfd = Ct/Cfd (6)

Accurate information on organism lipid content and sediment TOC content is required to
calculate a BSAF. Lipid content can vary considerably within a single species, based on
life stage, sex, and season, so caution is necessary when attempting to use site- or
species-specific BSAFs as predictors of tissue burdens in different systems. As with
BAFs, proper calculation requires a reasoned approach regarding species exposure,
including movement and life history as well as spatial and temporal trends.

BSAFs are most directly applied to infaunal organisms with known home range. For
example, Lake et al. (1990) found that analysis of PCBs in mollusks and polychaetes at
field sites representing a range of TOC and contaminant concentrations showed that
BSAF calculations (i.e., lipid- and TOC-normalized concentrations) significantly reduced
the variability in the raw tissue-sediment data relative to non-normalized data. Work by
Hydroqual, Inc. (1995), however, has shown that lipid normalization does not always
decrease the variability in BAFs (or BSAFs) and that the decision to lipid normalize and
the method by which lipid normalization is achieved depend on species -specific factors
as well as lipid contents.

Since ecosystems are rarely in equilibrium, BSAFs include an inherent measure of
disequilibrium of the system, which can be quantified as described in USEPA (1995a).
Disequilibrium is caused by kinetic limitations for chemical transfer from sediment to
water, sediment to biota, or water to the food chain, as well as biological processes such
as growth or biotransformation (USEPA, 1995a). Theoretically, at equilibrium BSAFs
range from 1 to 4 since the ratio of Kl to (KI/Ksoc) is thought to range from 1 to 4, where
Kl is defined as the lipid-water equilibrium partition coefficient and Ksoc is defined as the
sediment organic carbon-water equilibrium partition coefficient (USEPA, 1995a).
However, since most systems are not at equilibrium, a wider range of BSAFs is reported.
This wider range of BSAFs measured in the field does not invalidate the concept. On the
contrary, it underlines the need for a field-measured BSAF that is able to incorporate
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disequilibrium processes (as well as exposure conditions). Several compilations of
BSAFs are available, including Lee (1992), Boese and Lee (1992), and Parkerton et al.
(1993), as well as a USACE Contaminants Database accessible via the Internet
(McFarland and Fergusen, 1994).

The use of site-specific BSAFs using techniques described in USEPA (1994b) is
preferred. However, if literature \alues are used, available options include selecting a
given percentile of the BSAF distribution (as in the TBP method, which uses the 94th
percentile) (McFarland and Ferguson, 1994) or using a regression equation as in the
proposed Washington State guidance for sediment quality criteria for human health (PTI,
1995).

BSAFs are most useful for systems that are in steady state, which is technically defined
as concentrations in sediment, water, and organisms that do not change as a function of
time even though they may not reflect a thermodynamic equilibrium distribution between
sediment, water, and organisms. In a practical sense, systems are often considered
steady state if the concentrations do not change within the period of study. Therefore, the
use of BSAFs to predict tissue concentrations might not be reliable in situations in which
the chemical of interest is rapidly degraded or inputs of the chemical to the system vary.
In these instances, kinetic models might be more appropriate (see Section 3.3.3.1).

Hydroqual, Inc. (1995) has developed a database of field-measured bioaccumulation
factors for a variety of superhydrophobic compounds. Part of this effort involved
development of a procedure whereby BAFs or BSAFs could be predicted for previously
unstudied chemicals, species, or water bodies. Hydroqual concluded that within a
homogeneous group of compounds (e.g., PCB congeners) BAFs and BSAFs can be
predicted only within a factor of 10. The uncertainty arises from site- and species-specific
differences in food web structure, partitioning at the base of the food web, and the
physiology of the organisms, as well as measurement error (Hydroqual Inc., 1995).
Predicting BAFs and BSAFs for chemicals outside the *homogeneous group” results in
even greater uncertainty. However, results of chemical class-specific analyses in Tracey
and Hansen (1996) revealed a similarity of BSAF values among species and habitat

types.

The biota-suspended solids accumulation factor (BSSAF) has also been proposed for
some studies. It is identical to the BSAF approach, with the exception that contaminant
uptake by fish is from suspended solids, rather than in-place sediments (USEPA, 1994b).
Its use has been limited.

3.3.2.4 Food Chain Multiplier

As discussed in Section 3.3.2.2, a BAF @an be estimated from a BCF if the BCF is
multiplied by a factor to account for food web transfer. This factor is referred to as a food
chain multiplier (FCM) (USEPA, 1993a, 1995a).

BAF = (BCF)(FCM) (7)

The FCM is defined as the ratio of a BAF to an appropriate BCF (USEPA, 1995a). It has
been calculated in a variety of different ways, two of which are discussed briefly below. In
both approaches, FCMs are calculated assuming metabolism is negligible. USEPA
(1993a) calculates FCMs using a model of the stepwise increase in the concentration of
an organic chemical from phytoplankton (trophic level 1) through the top predatory fish
level of a food chain (trophic level 4) (Thomann, 1989). Thomann's model was used to
generate BCFs and BAFs for trophic level 2 species (e.g., zooplankton) and BAFs for
trophic level 3 and 4 species (small fish and top predator fish, respectively) over a range
of chemicals with log Kow values from 3.5 to 6.5. At each log Kow value, FCMs were
calculated as follows:
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FCM2 = BAF2/BCF2 (8)
FCM3 = BAF3/BCF2 (9)
FCM4 = BAF4/BCF2 (10)

where FCM2, FCM3, and FCM4 are the food chain multipliers for trophic level 2, 3, and 4
species, respectively; BCF2 is the BCF for trophic level 2 organisms; and BAF2, BAF3,
and BAF4 are the BAFs for trophic level 2, 3, and 4 species, respectively. Field-
measured BAFs from the Great Lakes for trophic level 4 were found to be within an order
of magnitude of those predicted using this approach (Thomann, 1989; USEPA, 1993a).
At log Kow values of 6.5 and greater, the relationship was less certain.

The FCM is defined below as given in USEPA (1995a), where BAFfd is predicted using
the Gobas (1993) bioaccumulation model. In the Gobas (1993) model disequilibrium, as
discussed relative to BSAFs in the last section, is included in BAF predictions to some
extent by inputting the measured concentrations of the chemical in the sediment and in
the water column into the model (USEPA, 1995a).

This disequilibrium is then propagated through the food web model.
FCM = BAFfd/Kow (11)

The trophic level of an organism is needed when applying FCMs to determine BAFs.
Trophic levels have traditionally been described in discrete terms as primary producers,
primary consumers, secondary consumers, and top predators. Using this approach,
trophic levels are symbolized by whole numbers. However, organisms have clearly
defined or uniform food sources only in very rare circumstances. Typically, any organism
higher in the food chain than primary consumers is likely at an intermediate trophic level,
feeding on multiple trophic levels. As a result, attempting to model trophic transfer using
linear food chain models introduces considerable variability into predictions of top
predator tissue burdens.

Some methodologies have been developed to address trophic level issues. For example,
Broman et al. (1992) have described a method to quantitatively estimate in situ
biomagnification of organic contaminants that uses ratios of stable isotopes of nitrogen to
classify trophic levels of organisms. Carbon and nitrogen isotopes are useful in
characterizing an organism’s trophic level because animals’ metabolic processes tend to
enrich the heavy isotopes of these elements, 13C and 15N (Peterson and Fry, 1987).
Using this approach, significant enrichment of 15N in tissue relative to 15N in
unmetabolized reference samples (i.e., in air) is indicative of increasing trophic levels.

Broman et al. (1992) have used the stable isotope approach to classify trophic levels in a
littoral and a pelagic food web in the Baltic, as part of an attempt to study trophic transfer
of dioxins and furans in that ecosystem. Based on their results, the authors have
concluded that the isotopic method is a powerful tool for quantitatively estimating trophic
biomagnification of a contaminant from field data at steady state. However, to evaluate
non-steady-state conditions and the relative contributions of various exposure pathways,
a more mechanistic approach, such as that described by Thomann (1989), is required.
Stable isotope ratios can then be used in conjunction with a more mechanistic approach
to provide more refined information on trophic pathways and consumption patterns.

It is apparent from the above discussion that factors governing bioaccumulation
are far more complex than just a simple partitioning between the TOC in sediments
and the lipid content of the organism tissue. This biota sediment accumulation factor
relationship should be used with caution to provide an initial estimate of the sediment
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cleanup needed, with the understarding that it is, at best, a first approximation of the
coupling between sediment concentrations and organism tissue concentrations. Asthe
sediment concentrations changes, the coupling between the biota and the sediment will
aso likely change.

The US EPA (2000b,d) has provided guidance on measuring the bioaccumulation
of potentia pollutants in sediments using benthic organisms. This approach is a key
component of developing the biota sediment accumulation factor.

The US EPA, in an effort to improve the ability to relate sediment concentrations
to bioaccumulation, has developed the Bioaccumulation and Aquatic System Simulator
(BASS) modedl. This model uses a dynamic modeling approach to relate sediment
concentrations to food web biota concentrations of hazardous chemicals like PCBs. It
considers the structure of the food web, as well as the biodilution associated with higher-
trophic-level organism growth. This modeling approach overcomes many of the inherent
problems with the biota sediment accumulation factor approach for relating sediment
concentrations to aquatic life tissue residues. One of the primary benefits that can be
derived from using this model is the ability to predict the rate of recovery of fish tissue
residues associated with a sediment remediation program. It will be important, in
conducting future studies on Central Valley bioaccumulation of OCls in waterbody fish
to become familiar with this model, in order to include collection of the information
needed to facilitate its use. Information on this model is available from Barber, et al.
(2002).

The appendix of the US EPA (2000b) manual, “Bioaccumulation Testing and
Interpretation for the Purpose of Sediment Quality Assessment,” contains information on
the characteristics of a number of chemicals of concern that tend to bioaccumulate.
There is information on severa PCBs and organochlorine pesticides. A review of this
information shows, however, that it is not possible with the current information base to
predict the magnitude of bioaccumulation that will occur in test organisms or higher-
trophic-level organisms, including edible fish.

The results of the Lee, et al. (2002) city of Stockton Smith Canal sediment PCB
bioavailability study provide information on the approach that should be used to assess
the water quality impacts of sediment-associated OCls. White catfish and largemouth
bass taken from Smith Canal in the city of Stockton have been found to contain sufficient
concentrations of PCBs to be a threat © cause cancer in those who use these fish as a
regular source of food. These fish contained about 100 ng/g wet weight of the PCB
Araoclors, which is about five times the allowed OEHHA screening value for protection of
humans who use PCB-contaminated fish as food. This finding has prompted a pilot study
of the potential role of the Smith Canal sediments as a source of the PCBs that are
bioaccumulating to excessive levels in edible Smith Canal fish. It has been found that a
Y osemite Lake (which is located at the upstream end of Smith Canal) sediment sample
contained about 1,000 ng/g dry weight of PCB congeners and Aroclors. Samples of
Smith Canal sediments taken at about midway between Y osemite Lake and the mouth of
Smith Canal (“*Mid”) contained dout haf (400 ng/g) the PCBs as compared to the
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Y osemite Lake sediments. The Smith Canal sediment taken near the mouth of the canal
where it discharges to the San Joaguin River Deep Water Ship Channel (“Mouth”) had a
lower concentration (12 ng/g) of PCBs, indicating that the source of PCBs was likely
from storm sewers that drain several areas of Stockton into Y osemite Lake.

The Y osemite Lake sediment sample had atotal organic carbon (TOC) content of
about 5.8%, with the Mid-Canal (3.5%) and Mouth (0.5%) sediments having lower TOC
content. This elevated concentration of TOC would make the PCBs in Yosemite Lake
sediments less bioavailable than those associated with lower levels of TOC. Incubation
of Lumbriculus (an oligochaete-worm) in the Smith Canal sediment samples, following
the US EPA standard bioaccumulation testing procedure, showed that at |east some of the
PCBs were bioavailable, with exposure to Y osemite Lake sediment resulting in a 310
ng/g concentration (wet weight) in the worms after the 28-day incubation period. Lower
amounts of PCBs were taken up by this worm from the Mid (161 ng/g) and Mouth (72
ng/g) sediment samples. The elevated TOC concentration of the Yosemite Lake
sediment sample did not prevent some of the PCBs in this locationi s sediments from
bioaccumulating in the test worm.

While the Smith Canal sediments contained several OCl pesticides, especialy
chlordane and DDT, only chlordane (15 ng/g) and several of the DDT transformation
products (123 ng/g) were taken up by Lumbriculus above the analytica method's
detection limit. There was also uptake of nonochlor from the sediments to 6 ng/g. At
this time the known primary bioaccumulation problem in Smith Canal is due to PCBs and
does not include the OCI legacy pesticides.

The Y osemite Lake sediments were also found by Pacific EcoRisk to be toxic to
the benthic amphipod Hyalella azteca, with 40% mortality in the 10-day test. The Mid
and Mouth Smith Cana sediments were nontoxic to Hyalella. The US EPA Mid-
Continent Ecology Division located in Duluth, MN (Norberg-King, 2002) found, in
testing a split of the same Y osemite Lake sediment sample, about 60% mortality to
Hyalella.

This pilot sediment bioaccumulation study has demonstrated that the US EPA
standard bioaccumulation testing procedure is a useful, readily implementable approach
to determine the bioavailability of potentially bioaccumulatable, sediment-associated
chemicals. This testing procedure should become part of the procedures that are used in
developing management programs for excessive bioaccumulation problems, where the
sediments are areservoir of the bioaccumulatable chemicals.

Further studies are needed to define the magnitude of the excessive PCB
bioaccumulation problem in edible fish taken from Smith Canal. These include
additiona fish sampling to confirm and establish the magnitude of the excessive PCB
bioaccumulation problem in Smith Canal. If confirmed, then a comprehensive sediment
sampling and PCB analysis program should be conducted. Also, additional studies on the
uptake of the PCBs by Lumbriculus from Y osemite Lake sediments should be conducted.
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Forensic studies, using PCB analysis of existing storm sewer sediments from the
city of Stockton, should be used to attempt to determine the source of the PCBsthat have
accumulated in Yosemite Lake sediments. A likely source was one or more industrial
facilities that dumped/discharged PCBs in the Stockton storm sewer system. Another
possible source was an electrical transformer spill of PCBs that entered the sorm sewer
system that conveyed the PCBs to Smith Canal.

One of the objectives of these additional Smith Cana studies should be to
establish a site-specific biota sediment accumulation factor for the dominant edible fish
species and the sediment taken from Yosemite Lake. This vaue will be important in
determining the initial sediment remediation objective associated with a program to
control the excessive bioaccumulation of PCBs in Smith Canal fish that are derived from
Y osemite Lake sediments.

The Smith Cand pilot studies provide a model of the approach that should be
followed to evaluate the OCI residues present in the listed Waterbodies' sediments as a
source of the OCls that are bioaccumulating in the Waterbodies' fish.

Potential Fish Tissue OCl Goals for Human Health Protection®

The approach that should be used to establish an OCl excessive bioaccumulation
management goal is to first establish the critical edible tissue residue for each of the listed
Waterbodies. This critical residue would be based on OEHHA screening values adjusted
for loca site-specific fish consumption rates. Information on fish consumption rates,
developed by Cooke and Karkoski (2001), is presented below.

An acceptable level of OCI in fish tissues can be calculated using equation (1):

Acceptable level of OCl infish tissue = Daily intake * Consumer’s body weight

@

Consumption rate
Unitsin this equation are:

ng OCl/g fish (mg/kg) = nmg OClkqg bwt/day * kg bwt

fish/day

Where:
OCI = organochlorine pesticide, DDT, PCB, or dioxin/furan
g = gram,
gy = microgram,
kg = kilogram
bwt = consumer’s body weight

! This section on fish consumption ratesis derived in part from Cooke and K arkoski (2001).

43



The acceptable daily intake is the quantity at or below which humans consuming the fish
containing the OCI are expected to be protected from adverse effects.

The most difficult of the variables to define is the consumption rate. Of particular
concern are local populations near an OCI-listed Waterbody, where individuals are using
fish from the Waterbody as a major source of their food. An example of this type of
situation is the studies on the consumption of fish from Clear Lake California, where the
concern was excessive mercury in the fish tissue. According to Cooke and Karkoski
(2001),

“One small consumption study has been completed for members of the Elem Tribe
and several neighbors of the Sulphur Bank Mercury Mine at Clear Lake (Harnly
et al., 1997). Participants reported eating an average 60 grams per day (g/day)
of Clear Lake fish, however, the average was heavily influence